In the past, it was difficult to study the incidence and distribution of injuries in women athletes because of the relatively small number participating in rigorous sports. However, since Title IX became law in 1972, the number of women participating in sports has increased dramatically. Women have ventured from traditional, noncontact sports, such as swimming and track and field, to physical games such as basketball, hockey (ice and field), and soccer. Paralleling this increase in participation by women has been an alarming rise in serious knee injuries, to at least twice the level seen in male athletes. 8, 20, 22, 34, 45, 46, 49, 66, 68, 95, 110 Based on the available data on injuries, we hypothesized that physiologic differences exist between men and women in knee joint laxity, lower extremity strength, endurance, muscle recruitment order, and muscle reaction time, and these differences are responsible for the disproportionate number of ACL injuries in women. The purpose of this research was to quantitate these differences by examining four groups: elite male and female athletes and nonathletic sex-matched controls. Examining these sex differences may eventually lead to a better understanding of the differences in knee injury rates between men and women.
women's sports has attracted considerable concern. 9, 13, 16, 19, 20, 22, 34, 38, 40, 45, 46, 49, 62, 66, 68, 72, 89, 96, 102, 103, 110 In the past, it was difficult to study the incidence and distribution of injuries in women athletes because of the relatively small number participating in rigorous sports. However, since Title IX became law in 1972, the number of women participating in sports has increased dramatically. Women have ventured from traditional, noncontact sports, such as swimming and track and field, to physical games such as basketball, hockey (ice and field), and soccer. Paralleling this increase in participation by women has been an alarming rise in serious knee injuries, to at least twice the level seen in male athletes. 8, 20, 22, 34, 45, 46, 49, 66, 68, 95, 110 Sports involving physical contact, jumping, sudden turning, and twisting are expected to produce knee ligament injuries, including ACL tears. However, even in noncontact sports, which are considered to pose less of a risk for knee ligament injury, Cox Fig. 2 ). The female control group produced the greatest degree of anterior tibial translation in both the relaxed and response tests (6.5 and 3.0 mm), and the male athlete group produced the least amount of anterior tibial translation in these tests (3.5 and 1.8 mm).
In both anterior tibial translation tests, the laxity found in the male athlete group was significantly less than that in the other three groups (female and male nonathlete controls and female athletes). Average anterior tibial translation (muscles relaxed trials) in the female athlete group was significantly less than in the male and female nonathletic controls (4.5 mm compared with 5.8 and 6.5 mm, 
Isokinetic Strength Comparisons
The female control and athlete groups showed statistically weaker quadriceps and hamstring muscle strength at 60 deg/sec compared with both the male control and athlete groups, even when normalized for body weight (footpounds torque/body weight[in pounds])( Table 2) . Although there were no significant differences between the female controls and the female athletes in either knee extension or flexion peak torque, the female athletes generated slightly higher peak torques per body weight (quadriceps muscles, 76 .7% versus 72.5%; hamstring muscles, 40 .9% versus 38.6%). Surprisingly, the male control group produced higher torques in both knee extension and flexion compared with the male athlete group (only knee extension was significant). This could be partially explained by the fact that many of the football players were large lineman.
Isokinetic Endurance Comparisons
Muscle endurance in both knee extension and flexion was better in the male and female athlete groups than in the male and female control groups ( The female athletes generated maximum torque in the hamstring muscles an average of 11 msec after the quadriceps muscle response, whereas the male athlete and control groups and the female control group generated hamstring muscle peak torque 3 to 6 msecs before the quadriceps muscles. This trend was consistent with the 60 deg/sec speed. The anterior tibial translation data from this study suggest that the knees of men are tighter than those of women (Fig. 2) . If The male groups recruited the hamstring muscle for initial knee stabilization more frequently.
2. The female athletes took significantly longer to produce hamstring peak torque (430 msec) than the male athletes (328 msec) during isokinetic testing.
3. Even when normalized for body weight, female athletes showed considerably weaker knee extension and flexion strength compared with both male groups. Female athletes were only minimally stronger than their nonathletic female counterparts. 4 . Female athletes had significantly poorer endurance rates compared with both male control and athletic groups. However, the endurance rates were significantly better compared with the nonathletic female controls.
5. Higher levels of lower extremity muscle strength (quadriceps and hamstring muscles) did not correlate with shorter muscle reaction times. Conversely, poor lower extremity muscle strength did not correlate with longer muscle reaction times.
6. In general, the knees of women had greater laxity than the knees of men, and the knees of the athletes were tighter than the knees of the nonathletic controls. The female athlete group exhibited statistically higher anterior tibial translation (4.5 mm) compared with the male athlete group (3.5 mm), but this result was significantly lower than the nonathletic male (5.8 mm) and female (6.5 mm) control groups.
